We construct the relativistic chiral Lagrangians for heavy-light mesons (Qq) to the O(p 4 ) order. From O(p 2 ) to O(p 4 ), there are 17, 67, and 404 independent terms in the flavor SU (2) case and 20, 84, and 655 independent terms in the flavor SU (3) case. The Lagrangians in the heavy quark limit are also obtained. From O(p 2 ) to O(p 4 ), there are 7, 25, and 136 independent terms in the flavor SU (2) case and 8, 33, and 212 independent terms in the flavor SU (3) case. The relations between low-energy constants based on the heavy quark symmetry are also given up to the O(p 3 ) order.
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II. DEFINITIONS AND BUILDING BLOCKS
In this section, we give the building blocks necessary for the construction of Lagrangians. Some simple properties are also shown. These building blocks involve both relativistic and HQ forms. One may find details about them in Refs. [3, 7, 8, 12, 27, 29, 30, 32, 34, 35, [42] [43] [44] [45] .
A. Goldstone bosons and external sources
The QCD Lagrangian L 
where q denotes the light quark field. s, p, v µ , and a µ are scalar, pseudoscalar, vector, and axial-vector external sources, respectively. The tensor source and the θ term are ignored in this paper. As usual, both a µ and v µ are considered traceless in the flavor SU (3) case, but only a µ is traceless in the flavor SU (2) case to study the electroweak interactions.
In ChPT, the low-lying pseudoscalar mesons are considered to be Goldstone bosons coming from the spontaneous breaking of the global symmetry SU (N f ) L × SU (N f ) R into SU (N f ) V . The meson field u in matrix form transforms as
under the chiral rotation, where g L and g R are group elements of SU (N f ) L and SU (N f ) R , respectively, and h is a compensator field which is a function of the pion fields. Usually, the meson fields and external sources are combined to building blocks whose forms are as follows,
where
, and B 0 is a constant related to the quark condensate. The covariant derivative for any building block X is defined through
The advantage of using these building blocks is that all of them transform under the chiral rotation (R) in the same way, In the flavor SU (2) case, the third Qs mesons need to be removed. The Lagrangians in these two cases have different independent chiral-invariant terms and we consider results in both cases. The covariant derivative forP (P or P * µ ) is
Eq. (10) defines a totally symmetrical covariant derivative like the πN case [36] . The reason for this definition is that permutations of derivatives acting on a building block do not change the chiral dimension (as Eq. (23) below). The defined symmetrical derivative will simplify some calculations (see Sec. IV). The chiral transformations for heavy-light meson fields readP
To adopt the heavy quark symmetry, one collects the heavy-light mesons in a superfield as usual [46] ,
where M ≡ M P = M P * is the heavy-light meson masses in the HQ limit and v µ with v 2 = 1 is the velocity of heavylight mesons, P * Q,µ and P Q only contain the annihilation operator. Now, H contains only annihilation operators for Qq mesons and its mass dimension is 3/2. We here use δ to denote the arbitrary relative phase between the mesons P Q and P * Q . Different conventions exist in the literature, e.g. δ = 1 in [7] , δ = −1 in [43] , and δ = i in [47] . This phase does not have physical effects and its choice does not impact on the form of Lagrangians, either. Scaling the superfield by e −iMv·x will modify the energy measure from M Q to M and the covariant derivative on matter fields becomes D µ H(x) = −iM v µ H(x). Obviously, the chiral transformations for H andH are the same as those forP andP † , respectively.
III. LAGRANGIAN CONSTRUCTION
This section shows the basic steps to construct the Lagrangian for heavy-light mesons. First, one analyzes the structures of chiral Lagrangians because they have effects on some properties of building blocks. Secondly, one establishes the P -parity, C-parity, and Hermitian properties of all the building blocks. Thirdly, one finds out available linear relations in order to reduce linearly dependent terms. Finally, one constructs all possible structures of the chiral Lagrangian and gets independent terms by using the linear relations.
A. Structures of chiral Lagrangians
The relativistic heavy-light meson chiral Lagrangian can be written as
where L P P , L P * P * , and L P P * represent the interaction terms involving only heavy pseudoscalar mesons, only heavy vector mesons, and both heavy pseudoscalar and heavy vector mesons, respectively. The symbol "· · · " includes allowed combinations of building blocks given in Sec. II A and appropriate coefficients (±1 or ±i) to keep the symmetry of L . For convenience, the LECs (C n , C m , and C p ) are all assumed to be real constants and we use the convention that all the possible covariant derivatives in "· · · " act on the right side heavy-light meson fields. To find out relations between LECs in the HQ limit, we also construct chiral Lagrangians involving the superfield H directly. The Lagrangian in this formalism looks like
where D n 's represent LECs in this case, Γ is an element of the Clifford algebra, and · · · means trace in the spin space. If flavour traces for building blocks are needed in "· · · ", we also use this symbol · · · . The heavy quark symmetry requires that the position of Γ should be after H but beforeH.
B. Properties of building blocks
The properties of the building blocks have been discussed in a lot of references. Here we only collect relevant results. One may find details about them in Refs. [2, 3, 7, 27, 29-31, 34-36, 43, 47] . Table I lists the chiral dimensions, parity transformations (P ), charge conjugation transformations (C), and Hermitian transformations (h.c.) of the building blocks, the matter fields, and the Levi-Civita tensor. Since the heavy-light mesons are not purely neutral states, the phases for the charge conjugation transformation of them are uncertain. Choosing "+" for P is natural since J P C = 0 −− are exotic quantum numbers. For P * , we use the convention "+" and will discuss another one.
TABLE I. Chiral dimension (Dim), parity (P ), charge conjugation (C), and Hermiticity (h.c.) of the building blocks, the matter fields, and the Levi-Civita tensor. Table II lists the corresponding properties of the Clifford algebra and the velocity of heavy-light mesons, which are considered between H andH as (15) . H,H, and v µ are chiral dimensionless and their properties are considered together with Clifford algebra, like the πN case in Ref. [36] . Table II only displays the extra signs. We do not show anything about γ 5 because Hγ 5H = 0 gives no contributions. H only contains the Qq fields, but notQq fields. Hence the Lagrangian in heavy quark symmetry does not have to be C-invariant. The meaning of the charge conjugation in Table II will be discussed in Section IV.   TABLE II . Chiral dimension (Dim), parity (P ), charge conjugation (C), and Hermiticity (h.c.) of the Clifford algebra elements and the velocity of heavy-light mesons.
Dim P C h.c.
C. Linear relations
Linear relations exist which are essential in reducing the chiral-invariant terms to a minimal set. For details about them, one may consult Refs. [27, 29, 30, 34, 35] .
Ignoring high order terms, one has
where X is any building block or their products and " . =" means that both sides are approximately equal, the difference is at the order O(p 1 ). With this relation, we can move the covariant derivatives to the right position so that they act only on the fieldP † .
(ii) Schouten identity. This is a relation about the Levi-Civita tensor,
where A is anything having Lorentz index (indices). The five indices in the left-hand side are totally antisymmetric.
(iii) Equations of motions (EOMs).
The EOMs and subsidiary condition for light pseudoscalar and heavy-light mesons are
where N f is the number of light quark flavours and the conjugations of these equations are omitted. Eq. (22) only works in the heavy quark limit. The right-hand sides of Eqs. (19)- (21) The commutative relation for the covariant derivatives acting on any building block X is
Rewriting it explicitly, one has
Another relation about covariant derivatives is Bianchi identity
Its explicit form is
These two explicit relations are for determining the strict relations of LECs which will be discussed in Sec. IV. 
(vi) Contact terms. 
We show the properties of these building blocks (LR-basis) [27, 34] in Table III . The number of resultant contact terms is found small. We list them at the end of each part for L P P , L P * P * , and L P P * in Table IX . Such terms in the HQ limit are listed at the end of Table X. TABLE III. Chiral rotations (R), parity (P ), charge conjugation (C), and Hermiticity (h.c.) of the LR-basis.
The process to pick up independent terms is very boring and is done by computer. The details about the operation have been presented in Refs. [34, 39, 40] .
IV. LEC RELATIONS IN THE HEAVY QUARK LIMIT
According to the heavy quark symmetry, relations exist among LECs for P P † terms, those for P * P * † terms, and those for P P * † terms. In order to find them, we firstly redefine the independent terms and their corresponding LECs in Eq. (14) to beÕ
where r is the number of covariant derivative acting on the heavy-light meson fields. Now, allC n 's at a given order have the same mass dimension. At least two methods can be used to get the LEC relations. The first one is to change the relativistic Lagrangians to the HQ form. With Eq. (12), one obtains
These fields contain only operators to annihilate or generate Qq mesons, but no operators forQq mesons. If we assume that the fields in Eq. (14) also describe only Qq mesons, the Lagrangian there can be changed to that in Eq. (15) by using the Fierz identity. Retaining only terms satisfying the heavy quark symmetry and comparing independent terms, one can obtain relations between C n 's and D n 's. The second method is opposite by changing the form of Eq. (15) to that of Eq. (14),
where we have used the definition γ µ γ ν γ λ γ ρ γ 5 = −4iε µνλρ . The factor M comes from the definition in Eq. (12) . From the above equations, one finds that only structures HH , Hγ 5 γ µH , and Hσ µνH exist in the final results, a feature consistent with the pion-nucleon case [36] . In order to obtain the relativistic Lagrangian, the right-hand sides of the above equations also need C invariant. If one substitutesP Q →P and chooses the "C-parity" of the Clifford algebra and the velocity as those in Table II , these terms automatically contain the C-invariant.
To get the exact relations betweenC k and D l , the strict linear relations are needed. In Sec. III C, we have found them in the relativistic case. Hence, we choose the second method to do the calculation. This method also avoids complex calculation from the Fierz identity. The relations arẽ
where M is a usual normalization factor coming from Eq. 
V. RESULTS
Following the above steps, we get the final results expressed as
where m is the chiral dimension.
The obtained relativistic result at the leading order,
is the same as that in Ref. [7] . The form obeying the heavy quark symmetry is [8]
The relations between f Q , g Q , and g are found to be
The results at this order are applicable for both two-and three-flavour cases.
TABLE IV. The O(p 2 ) order relativistic results. "I" means that those terms are considered independent in the HQ limit.
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(2) 14
We show the O(p 2 ) Lagrangian in the relativistic form and HQ form in Tables IV and V , respectively. The 2nd and 5th columns of Table IV (2nd and 3rd columns of Table V) give the labels for each term in the flavor SU (2) case and SU (3) case, respectively. The 3rd and 6th columns of Table IV list the corresponding LECs in the HQ limit. The 4th and 7th columns of Table IV display the LEC relations between the relativistic terms according to the heavy quark symmetry, where "I" means that corresponding terms can be treated as the independent ones. Only a few analogous results in the references are found. The O(p 2 ) order L P P is the same as that in Ref. [20] . Table VII and IX while those in the HQ limit are listed in Table VIII and X. The 3rd and 6th columns of Table VII show the corresponding LECs in the HQ limit while the 4th and 7th columns of the same table display the LEC relations between the relativistic terms obtained from the heavy quark symmetry. "I" in Table VII and IX again means that the relevant terms are considered independent in the HQ limit. Some long expressions are marked with "*" in Table VII and are given explicitly below the table. At present, we are not able to give the strict LEC relations for terms at the O(p 4 ) order. The O(p 1 ) order EOMs will appear because of the Schouten identity. Schouten identity can change the positions of some indexes and will give the factors as
Hence the LECs at the O(p 1 ) order will appear in these relations. The exact relations need the determination of the inverse of a large symbolic matrix. Hence, we only mark the independent terms in the HQ limit in Table IX . In the table, the 52-57, 241-253, and 402-404 terms in the two-flavour case (97-99, 413-418, and 655 terms in the three-flavour case) are contact terms. In Table X , the 128-136 terms in the two-flavour case (209-212 terms in the three-flavour case) are contact terms.
C. Discussions
We have chosen the convention δ = 1 in presenting our final results. If one wants to choose another convention, all the results need not be changed. For P * , we have also selected its C-parity is +. Another selection only has an impact on L P P * too. Consider any C-, P -and h.c.-invariant L P P * term
where O µ is any possible structure, O C,µ is an appropriate structure keeping the symmetry and δ C is the C-parity of P * . If one chooses an opposite sign of δ C , there needs an extra i factor to keep Hermiticity.
VI. SUMMARY
In the present paper, we extend our previous studies and construct the relativistic chiral Lagrangians for mesons with a heavy quark to one loop, both for the flavor SU (3) case and for the flavor SU (2) case. The chiral Lagrangians in the heavy quark limit are also obtained. The number of independent terms in the heavy quark limit is much less than that in the relativistic case, which is illustrated in Table VI . By comparing independent terms in the relativistic form and those in the HQ limit, one finds LEC relations at each order which result from the heavy quark symmetry. These relations would get corrections once the breaking of heavy quark symmetry is considered.
TABLE VI. Number of independent terms at each chiral order. The O(p 3 ) order relativistic results. "I" means that those terms are considered independent in the HQ limit. "*" means that the relevant results are too long and they will be listed below this table.
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The long relations in the sixth column of Table VII arẽ
2 − D
6 + D
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11 = D
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The long relations in the seventh column in Table VII arẽ
1 +C
10 −C
13 +C
17 −C
19 ,C
51 = −C
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(A3) The O(p 4 ) order relativistic results. "P." means paritytransformed part. "I" means that those terms are considered independent in the HQ limit. 
